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Abstract

Background At birth, no difference exists between the

hips of children with spastic cerebral palsy and the hips of

other children. The typical pathologic deformities of the

hips in children with spastic cerebral palsy develop as

the child gets older. One of our goals was to evaluate the

change in quality of life of children with cerebral palsy

after hip reconstruction. For classification of the children’s

condition, we assessed sitting and standing abilities and

used the Gross Motor Function Classification System. To

evaluate the effect of hip dislocation on the spine, we

assessed symmetry while the patient was lying down,

sitting, and standing.

Methods The results of surgical reconstruction of hip

joints in 54 patients with severe cerebral palsy who had 66

severely subluxated or dislocated hip joints were retro-

spectively analyzed. The study was based on a research

questionnaire with a mean follow-up of 4 years 10 months.

The purpose of the questionnaire was to evaluate the pain,

functional abilities, symmetry, and independence of the

patients by using the modified Barthel index.

Results Pain was fully relieved in 62 and was eased in

35% of preoperatively painful hips. The functional abilities

of sitting and standing were not influenced statistically

significantly by the operation. An improvement in sitting

symmetry was observed in 40% and improvement in

lying symmetry was observed in 32% of the patients. The

mean center-edge angle improved from -24.9� ± 39�
(mean ± standard deviation) to 25.9� ± 14�. The acetab-

ular index improved from 30.2� ± 8� to 17.1� ± 7�.

Conclusions The independence of the patients, based on

the modified Barthel index, did not change significantly

after surgery. Most improvements in quality of life were

observed in those patients who had pain in the hip before

the operation as a result of reduction of pain and improved

mobility of the hip.
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Introduction

At birth, no difference exists between the hips of children

with spastic cerebral palsy and the hips of other children

[1]. The typical pathologic deformities of the hips in

children with spastic cerebral palsy—femoral anteversion

and coxa valga antetorsa—are manifested during the

development of the child [2–4].

The driving force of normal development of the hip is

learning sitting and standing abilities [5, 6]. According to

Heimkes et al. [5], reduced activity of the hip abductor

muscles in comparison to the spastic adductors leads to

diminished growth of the greater trochanter. The conse-

quences are that the main direction of the hip abductors

becomes more vertical and the longitudinal growth plate of
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the femoral neck stays in a horizontal position. This leads

to the commonly known coxa valga [5, 6].

The increased femoral anteversion is also a consequence

of the reduced activity of the gluteus maximus, medius, and

minimus muscles in comparison to the spastic adductors [5].

The study presented by Laplaza et al. [4] shows increased

femoral anteversion for persons of all ages with cerebral

palsy. Fabry et al. [2] reported mean femoral anteversion of

39� for persons with cerebral palsy, which is 15� more than in

the reference group with normal femoral anteversion.

According to Heimkes et al. [5], for untreated patients,

dislocation of the hip typically occurs at age 2–7 years with

a maximum at the age of 6 years. A study presented by

Samilson et al. [7] showed that the dislocation occurs at a

mean age of 7 years. In a study presented by Vidal et al.

[8], the mean age for occurrence of dislocation of the hip

was 10–12 years, with earlier dislocation occurring in no-

nambulant children. In our patients, dislocation of the hip

typically occurred at the age of 7 years and at the age of

14–17 years, after puberty.

One of our goals was to evaluate the change in quality of

life of children with cerebral palsy after hip reconstruction.

The International Classification of Impairments, Disabili-

ties and Handicaps [9, 10], which is published by the

World Health Organization, is a system for classifying the

consequences of disease. A patient can be classified in

three dimensions. The dimensions are impairment (organ

and body dimension), disability (individual dimension),

and handicap (social dimension). Impairment includes

body function and body structure. Disability covers the

complete range of activities performed by a person.

Handicap classifies areas of life in which a person is

involved, areas in life that a person has access to, social

opportunities, and social barriers. Any disorder in the body

(e.g., anatomic structures, physiologic and psychologic

functions) leads to impairment. Impairment can lead to

limitation of activities (e.g., walking, self-care). Activity

limitation can lead to participation restriction (e.g., par-

ticipation in nutrition, participation in mobility). The goal

of treatments should be to improve the activities and par-

ticipation by improving bodily disorders.

In the literature, few articles regarding quality of life and

assessment scales are available. Ketelaar et al. [11] present

an overview of assessment scales for children with cerebral

palsy. The assessment scales include two main groups:

discriminative and evaluative indices. A discriminative

index distinguishes between persons with and without a

particular characteristic or function. An evaluative index is

used to measure the magnitude of change in function over

time or after treatment. We decided to use the modified

Barthel index [12] as a questionnaire for retrospective

evaluation for measuring the independence of the patient,

as one part of quality of life.

The Barthel index is an evaluative index. It was developed

for quantifying self-confidence of disabled persons. The

Barthel index includes ten items, and the participant receives

a score of his or her degree of independence in the perfor-

mance of each item. The items are feeding, bathing,

grooming, dressing, bowel control, bladder control, toilet

use, transfers (bed to chair and back), mobility, and stair

climbing. The scores of the different items are summed to

form an overall index. The index ranges from 0 to 100, with 0

representing complete dependence and 100 representing

complete independence in the performance of all items. The

original Barthel index [13] scales each item in three cate-

gories (fully dependent, assistance required, and fully

independent). The index ranges from 0 to 20. The modified

Barthel index defines three subcategories for the category of

assistance required: attempts task but unsafe, moderate help

required, and minimal help required. The purpose of the use

of subcategories is to improve sensitivity.

One important factor for quality of life—pain—is not

mentioned in the evaluation indices but is a very important

factor for the patients. Thus, we added a visual analogue

scale to assess pain.

For classification of the children’s condition, we used

the gross motor function classification system (GMFCS)

[27]. The children are classified in five levels. Level 1 is the

mildest, with good walking abilities. Until level 3 children

are able to walk with an assistive device. Level 4 has good

control of upper extremities but no walking abilities, and

Level 5 has no weight bearing and needs a sitting device.

Further we assessed sitting and standing abilities. Sitting

ability was classified into free sitting, sitting with little

support, sitting in a sitting device, and no sitting ability.

Standing ability was classified into free standing, standing

with little assistance, standing with moderate support like a

walking device, standing only with the assistance of one or

two persons, and no standing ability. To evaluate the

relationship between hip dislocation and spine, we assessed

symmetry while the patient was lying down, sitting, and

standing. Neurogenic scoliosis with pelvic obliquity

and windblown deformity with adduction of one hip and

abduction of the other hip can increase the rate of hip

dislocation.

Materials and methods

We retrospectively analyzed the radiographs and research

questionnaires of our patients who underwent reconstruc-

tion of neurogenic hip dislocation between August 1989

and March 2000. All patients had severe spastic cerebral

palsy and neurogenic hip dislocation or subluxation. Fifty-

four patients (66 hips) were included in the study. Two

patients were lost to follow-up because of death unrelated
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to orthopaedic conditions. The guardian of one patient

(patient 18) did not allow clinical or radiographic exam-

inations, but the attendants in that case were able to answer

the questionnaire.

The radiographs of 51 patients (63 hips) were obtained

during an average follow-up period of 4 years 10 months

(range, 11 months to 11 years 10 months). The research

questionnaires were answered by 45 patients (57 hips),

with an average duration of follow-up of 4 years 9 months

(range, 11 months to 11 years 3 months). The guardian of

three patients (patients 15, 17, and 31) did not allow

evaluations. Four patients (patients 4, 16, 45, and 49) could

not be located. The radiographs of these seven patients

were obtained from the most recent orthopaedic follow-up

examination at the hospital.

The mean patient age at the time of operation was

8 years 6 months (range, 1 year 8 months to 19 years

7 months). The mean age at follow-up was 13 years

3 months (6 years 10 months to 23 years 7 months).

The functional status according to the GMFCS showed

walking abilities (levels 1–3) in ten hips (16%) and no

walking abilities (levels 4 and 5) in 54 hips (84%). The

neurological diagnosis was whole body involvement cere-

bral palsy in 55 hips (86%), diparesis in seven hips (11%),

and one patient with two affected hips had a Pelizaeus

Maerzbacher Syndrome. The X-rays showed dislocation in

42 hips (66%) and subluxation in 22 hips (34%). The hip

was counted as dislocated if the CE-angle was below 0�,

and subluxated if the CE-angle was between 0� and 20�.

Ten patients had undergone previous soft-tissue surgery,

one patient had undergone angulation osteotomy, and two

patients had undergone hip reconstruction. Twenty-six

(46%) of the 57 hips for which returned questionnaires

were available were preoperatively painful, 26 were free

from pain, and five were unquantified. Twenty-five hips

(44%) showed no weight bearing preoperatively. For 32

hips (56%), the patients were able to stand with the use of

different aids, and none of the patients had free-standing

ability. For 13 hips (23%), the patients had free-sitting

ability; for 40 hips (70%), the patients required sitting

support; and for four hips (7%), the patients were

bedridden.

Radiographs were obtained preoperatively, during the

immediate postoperative period, and at the most recent

follow-up examination. The centration of hip joints was

assessed radiographically by using the center–edge (CE)

angle described by Wiberg [14] and the acetabular index

described by Cornell [1] and Hilgenreiner [15].

The research questionnaire evaluated the modified

Barthel index [12], sitting and standing abilities, symmetry

of sitting and lying down, and hip joint pain preoperatively,

approximately 6 months after surgery, and at the most

recent follow-up.

There were some minor postoperative complications.

One patient had a small superficial wound dehiscence, one

had increased sensitivity to pain for several month, one had

a haematoma in the adductor region after adductorteno-

tomy which was healed by conservative antibiotic treatment,

and one patient had a small decubitus on the malleolus

from the cast. One patient had a moving of a K-wire which

had to be removed two months after primary surgery.

Operative procedure

A Salter et al. [16] innominate osteotomy was performed in

25 hips and a Pemberton [17, 18] osteotomy in 39. In 58

hips, intertrochanteric varus derotation and shortening

osteotomy [18–20] was performed. Shortening of the femur

is an important part of the surgical procedure when a

combined pelvic procedure and proximal femoral osteo-

tomy is performed to prevent osteonecrosis of the femoral

head. Stasikelis et al. [21] reported incidence of osteone-

crosis of up to 46% after surgical hip reconstruction.

Additional soft-tissue surgery [19, 22] was performed in 52

hip operations, depending on the individual situation of

each patient, and included hip adductors and hip flexors.

For postoperative pain prophylaxis, since 1995, patients

received anaesthesia with use of an epidural perfusor for

approximately three days. In addition, they received orally

administered spasmolytic medicine (baclofen) during the

period of immobilization. From our experience patients

with spasticity can have pain in the cast due to spasticity.

This pain can be relieved by oral baclofen.

Postoperative immobilization was accomplished with a

hip spica cast, including both legs in slight abduction for

approximately 2 weeks. Afterward, the cast was cut off in

shell form and used as a positioning device for the whole

day and night. The patients started with a passive mobili-

zation program with hip flexion up to 60�, no abduction, no

rotation. This passive mobilization program was adhered to

for approximately 4 weeks. This early mobilization pro-

gram was started to improve the mobility of the hip. Six

weeks postoperatively, patients underwent control radiog-

raphy, the positioning device was removed, physiotherapy

was begun, and weight bearing was allowed. Before 1996,

each patient had a hip spica cast for 6–8 weeks.

Results

Pain after hip reconstruction

Figure 1 shows the intensity of pain before and after sur-

gery. The patients, or their attendants, quantified their pain

on a scale from 0 point (no pain) to 6 points (maximum
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pain). The number of painless hips was markedly increased

after the surgical procedure (P \ 0.001). Pain of maximum

intensity (5–6 points) was not reported after surgery.

In our patients, 46% (26 hips) reported no pain neither

before nor after surgery (Fig. 2). Only one patient who was

preoperatively painless reported postoperative pain. This

patient had been painless for one year after surgery, and

then the pain developed because of subluxation of the hip

on the contralateral side.

Among the preoperatively painful hips, 62% (16 hips)

were postoperatively completely painless and 35% (nine

hips) achieved good improvement regarding pain. We were

able to reduce pain for these patients. Preoperatively, most

patients experienced pain even when lying or sitting.

Postoperative pain occurred primarily when moving the

hip. No pain during sitting or lying were reported at the

latest follow up. Therefore, even patients with postopera-

tive pain achieved good improvement in their quality of

life after surgery.

Functional abilities after surgery

Functional abilities were classified by using sitting (sitting

freely, sitting with little assistance, sitting with the aid of a

device, bedridden) and standing (standing freely; standing

with little assistance, such as holding a rail; standing with

moderate assistance, such as a walking frame; standing

only with the assistance of one or two persons; no weight

bearing) abilities. Symmetry was quantified by the parents

or attendants on a scale from 0 (asymmetric) to 3 (good

symmetry) points.

Standing abilities remained unchanged in 72% (41 hips),

were improved in 16% (9 hips), and were reduced in 12%

(7 hips). The changes were not statistically significant

(P = 0.18). Sitting abilities remained unchanged in 77%

(44 hips), were improved in 14% (8 hips), and were

reduced in 9% (5 hips). The changes were not statistically

significant (P = 0.16). Good improvement was observed in

the symmetry of lying (32%, 17 hips, P = 0.17) (Fig. 3)

and sitting (40%, 21 hips, P = 0.03) (Fig. 4). Evaluation of

the mean Barthel index for all patients showed a mean

preoperative value of 15.1 points, with a mean improve-

ment of 3.8 points after surgery.

Changes for patients without weight bearing

Nineteen patients were without preoperative weight bear-

ing. Most had no free sitting abilities and required a sitting

device. Good amelioration of hip pain was observed.

Among eleven patients who experienced pain preopera-

tively, 64% (7 patients) were completely painless and 36%

(4 patients) achieved good improvement regarding their

pain. Symmetry of lying was improved in 35% (6 patients),

and symmetry of sitting was improved in 43% (7 patients).

Fig. 1 Intensity of pain preoperatively and at follow-up

Fig. 2 Improvement of pain Fig. 3 Symmetry of lying at follow-up
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Evaluation of the modified Barthel index (range, 0–100

points) for these patients resulted in a very low mean

average value of 6.7 points and improvement to 9.3 points

after surgery. The parents and attendants reported good

improvement regarding pain and general condition but only

moderate changes for transfers and care giving.

Patients who were painless preoperatively but were

unable to bear weight were kept painless and experienced

no reluxation of the hips. Their daily living activities

remained unchanged. The contentedness of the parents of

these patients was significantly lower than the mean aver-

age value.

Changes for patients with weight bearing

Preoperatively, 26 patients were able to bear weight and

had standing abilities that ranged from standing with the

assistance of a person to free standing abilities. All pre-

operatively painless patients in this group remained

painless. Six (60%) of ten patients who experienced pain

preoperatively were free from pain after surgery, three

(30%) experienced good improvement regarding pain, and

one had a painless period of one year after surgery with

increasing pain afterward. Evaluation of this case showed

no orthopaedic reason for the increasing pain.

The mean Barthel index for these patients increased

from 20.7 points preoperatively to 25.4 points postopera-

tively. Few changes were achieved for transfer and care

giving, but some patients in this group achieved good

improvement in their activities of daily living (including

communication, social behavior, and mobility) after

surgery.

The preoperatively painless patients who could bear

weight remained painless. The good sitting and standing

abilities in this group were mainly preserved and, in some

cases, improved.

Radiographic findings

Radiographs were obtained before surgery, during the

postoperative period, and at the most recent follow-up visit.

We evaluated the center-edge angle as presented by

Wiberg [14] and the acetabular index as presented by

Cornell [1] and Hilgenreiner [15]. In two patients (3 hips),

the acetabular index at follow-up was not determinable.

The triradiate cartilage was completely ossified so that the

line of Hilgenreiner could not be drawn on the radiograph.

Of 66 hip reconstructions, 63 follow-up radiographs

were available, with a mean follow-up duration of 4 years

10 months (range, 11 months to 11 years 10 months). The

results are shown in Table 1.

Figure 5 shows the improvement of the CE angle. Pre-

operatively, most patients had a negative CE angle. The

mean postoperative CE angle was 25.9�. At the most recent

follow-up, 45 hips (69%) had good coverage of the hip

joint with a CE angle of more than 20�. Seventeen patients

(26%) had a subluxation with CE angles between 20� and

0�, and one patient had a dislocation with a CE angle of

-10�. This patient never had good coverage of the hip

joint, and the postoperative radiograph showed a CE angle

of -20�.

Figure 6 shows the improvement of the acetabular

index. Preoperatively, most patients (84%, 49 hips) had an

acetabular index of more than 20�. The acetabular index

was improved to less than 20� in 40 hips (67%). The mean

acetabular index changed from 30.2� preoperatively to

17.1� at the most recent follow up (P \ 0.001).

Comparison of CE angle with intensity of pain showed

that all luxated hips with a CE angle more negative than

-50� resulted in severe pain. For subluxated and luxated

hips up to -50� CE angle, no correlation between CE angle

and intensity of pain was shown. In our patients, no cor-

relation was shown between the preoperative intensity of

pain and the postoperative improvement of pain.

For assessing the results of the surgery the functional

status of the patient was much more reliable than the

amount of preoperative dislocation and subluxation. Sixty-

nine percent of dislocated hips were GMFCS level 5. For

Fig. 4 Symmetry of sitting. 0 = asymmetric, 3 = good symmetry.

Q1 = 25th percentile, Q3 = 75th percentile

Table 1 Radiographic results
Preoperative Postoperative At latest follow-up

Center–edge angle -24.9� ± 39� 35.1� ± 16� 25.9� ± 14� (P \ 0.001)

Acetabular index 30.2� ± 8� 16.8� ± 7� 17.1� ± 7� (P \ 0.001)

Mean follow-up time (years + months) 0 + 4 4 + 10

J Child Orthop (2008) 2:125–131 129

123



the subluxated hips 40% were GMFCS level 4 and 32%

were GMFCS level 5.

Discussion

The literature presents extensive discussion regarding the

painfulness of neurogenic hip dislocation [19] and deci-

sions regarding hip reconstruction. Based on our

experience, most dislocated hips are painful. In some

patients, the hip is painful during the process of dislocation

and pain disappears when the hip is fully dislocated (per-

sonal experience).

In nonambulatory patients, the pain results in limited

sitting abilities and even lost sitting abilities. In those cases

in which the pain disappeared after years, the patients had

meanwhile lost their quality of life for years. Because of

the painfulness of motion, the patients are not able to tol-

erate physiotherapy, with the result of aggravation of

muscle shortening and joint contracture.

On the other hand, parents of patients without weight

bearing who do not experience pain are not satisfied after

the operation, because no obvious benefit has been

achieved. All were kept free from pain, but no improve-

ment was shown in functional abilities. These patients

maintained their functional levels but did not achieve

increased potential for motor development. In these

patients we are very careful with the indication for surgery

and wait till the hip becomes painful or the patient expe-

riences problems due to the dislocated hip, for example

windblown deformity or sitting problems.

In ambulatory patients, a dislocated hip results in

diminished standing and walking abilities. If this condi-

tion remains untreated, the patients can permanently lose

their functional abilities. Only one patient in our study

experienced aggravation of hip pain with diminished

functional abilities after surgery. This was caused by

painful hip dislocation on the contralateral side. The good

functional abilities of the other patients in this group were

preserved.

For patients with painful hip dislocation, the decision

for surgical treatment is not very difficult. We achieved

reduction of pain in all our patients. These patients

experienced a marked improvement in their quality of

life.

In patients with good functional abilities, their abilities

could be preserved and, in some cases, improved. For these

patients, hip reconstruction should be considered when

progressive subluxation is present and the patient is older

than six years. In younger patients, prophylaxis should

begin with botulinum toxin type A [23, 24] or multilevel

surgery with lengthening of the adductors, rectus femoris,

and iliopsoas muscles [22]. If hip reconstruction is per-

formed only when painful hip dislocation is present in

these patients, loss of sitting and standing abilities is a risk.

In one group of patients, the indication for surgery

should be very restrictive. This group consists of patients

with subluxated hip joints who are free from pain and who

do not have any tendency to weight bearing. In these cases,

surgery should be carefully prepared and discussed with

parents and physiotherapists. The optimal age for surgery

in this group is approximately 12 years. In older patients,

the rehabilitation process takes much longer.

Because of the higher incidence of redislocation in

patients with acetabular dysplasia a combined pelvic and

femoral procedure should be performed [26].

To achieve good compliance, families should be advised

that the rehabilitation process requires several months after

hip reconstruction. Stasikelis et al. [25] reported that the

average rehabilitation required to reach the preoperative

functional level after femoral osteotomy was seven to ten

months. This is in accordance with our experience.

The modified Barthel Index shows very low values and

low postoperative variability in this severe disabled group

of patients. We have to consider that most of our patients

belong to levels 4 and 5 of the GMFCS. These patients

usually have low levels of self confidence. Therefore this

index is not reliable for documenting small changes in

patients with severe forms of cerebral palsy, but the index

is useful for quantifying the severity of the disability.

Changes in quality of life after hip reconstruction in

patients with cerebral palsy are mainly a result of reduced

hip pain and improved motion of the hip joint. Functional

abilities can be preserved and, in some cases, improved.

Fig. 5 Center-edge angle. Q1 = 25th percentile, Q3 = 75th percentile

Fig. 6 Acetabular index. Q1 = 25th percentile, Q3 = 75th percentile
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